This PDF file includes: Table S1 . Rate constants (s -1 ) of the key translocation steps with frameshifting EF-G mutants. Table S2 . Rate constants of elemental translocation rates for a five-step model A + EF-G = B→C→D→E→F. Fig. S1 . Analysis of 0-and -1-frame products of translation. c The rate constant of the step from the global fitting (Fig. 4) . d The apparent rate constant of rapid puromycin reaction.
e FRET intensity changes over two steps (Fig. S9 ).
f Calculated with a fixed ratio between k 1 , and k -1 . Table S2 . Rate constants of elemental translocation rates for a five-step model A + EF-G = B→C→D→E→F.
Step wt Q507D H583K H853A
EF-G binding (µM 
Fig. S5. Examples of global fitting results with wt EF-G (4 μM).Experimental time courses
are black, fits are shown is red. Experiments monitoring FRET L12-EF-G, S6-L9, S13-L33, tRNA fMet -L33, tRNA fMet , and S13 were carried out at 5 different EF-G concentrations, 0.5, 1.0, 1.5, 2.0, and 4 µM (data not shown), BOF-MetPhe-tRNA and mRNA were monitored at one EF-G concentration (4 µM).
Fig. S6. Examples of global fitting results with EF-G(Q507D) (4 μM). Experimental time
courses are black, fits are shown is red. Experiments monitoring FRET L12-EF-G, S6-L9, S13-L33, tRNA fMet -L33, tRNA fMet , and S13 were carried out at 5 different EF-G concentrations, 0.5, 1.0, 1.5, 2.0, and 4 µM (data not shown), BOF-MetPhe-tRNA and mRNA were monitored at one EF-G concentration (4 µM). The comparison provides additional information beyond the differences in rates (Table S1,   S2 ). For example, the release of EF-G mutants from the ribosome occurs at an earlier step than the wt EF-G, indicating that a fraction of ribosomes completes translocation without an EF-G bound (L12-EF-G). As described in the text, SSU body rotation occurs at an earlier step with the wt EF-G than with the mutants (S6-L9 FRET). The P-site tRNA is released at a much later step with the wt EF-G than with the mutants (tRNA fMet -L33 FRET). Rearrangements reported by BOF, S13-L33 and mRNA are more similar, which indicates that the order and extent of movements are more similar for the wt and mutant EF-Gs and thus the observed difference are mostly explained by the rates of the respective steps.
